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CommunicationThis paper proposed a coupled C-band stacked dual resonant antenna using different dielectric constant
substrates for communication systems. The antenna operates in C-band resonating at two different fre-
quencies. Two different substrates FR4 and Mica are used in this antenna structure. The stacked antenna
design is fed coaxially at the central patch keeping the other three patches as parasitic patches. The
antenna is optimized to obtain an impedance bandwidth of about 8% and 7% in the two bands respec-
tively with a peak gain of 9.5 dBi and side lobe level of 12.2 dB at the resonant frequency. The antenna
has obtained very good cross-polarization of about 28 dB in YZ-plane and even less than 40 dB at
XZ-plane. The efficiencies at both the resonances are very good and the other simulated results are in
good agreement with the measured results.
 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Microstrip patch array antennas have gained much attention
during past years because of their number of advantages such as
their low profile, low fabrication cost, robustness, polarization agi-
lity, compatibility, easy integration with microstrip circuits and
adaptability to the active antenna elements. Microstrip arrays have
high performance because a large variety and quantity of antenna
elements, power dividers, matching sections, etc. can be added to
the printed circuit board without any cost impact [1–5]. This gives
the design engineers the components that are not commercially
available in separate packages. In practice, only simple geometries
like rectangular, square and circular structures are commonly
used. Like circular and rectangular patches, the annular ring micro-
strip antenna has received the considerable attention of several
investigators due to its many salient features such as small size
and broader bandwidth compared to other conventional patches.
However, the main obstacle that restricts its wide applications in
various fields is its inherent narrow bandwidth and low gain. A
number of bandwidth enhancement techniques have been sug-
gested in order to achieve better performance of the circular patchantenna including use of thick substrate, air gap, superstrate, use of
parasitic elements, defected ground antennas, etc. Among these
techniques, the stacked parasitic configuration has been selected
because it provides close spacing between the elements that are
not realized in single layer parasitic elements, it does not excite
surface waves that occur in thick dielectric substrate, and it does
not generate high order modes that are generated for low dielectric
substrate [6–11,16,17]. By simply stacking the patch etched on the
high dielectric constant material with a patch mounted on a low
dielectric constant material, previously encountered problems
can be resolved. It has been postulated that the upper patch cou-
ples strongly to the typically excited surface, thereby reducing its
effect on the overall radiation performance [12–15]. Most of the
antenna designs proposed in these papers have shown improve-
ment in the bandwidth and gain, miniaturization, but as a whole
the designs are not providing the best antenna properties. Some
designs have provided miniaturization but the gain is not good,
some have given wideband or high gain but uses more typical
structures and fractal geometries which lead to increase in the
losses [6,10,11,15].
In this paper, we have proposed a gap coupled antenna design
etched over a low dielectric constant substrate and stacked with
gap coupled antenna elements on high dielectric constant sub-
strate. As a whole, the stacked antenna array geometry is proposed
for wireless applications. The proposed antenna design is first sim-
ulated and then tested experimentally. It has been observed that a
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different resonating frequencies along with good gain and effi-
ciency. A detailed parametric study is also presented in this paper
using different gap variations in between the substrates and in
between the circular patches.(a
(b)    
(d) 
Fig. 1. Geometry and prototype of the antenna designed. (a) G2. Theory and design
Substratematerials play an important role in the antenna design
performance. A simple and novel method of using different sub-
strates has been employed to modify the different properties of) 
  (c) 
eometry, (b) top view, (c) side view, (d) equivalent circuit.
(a) 
(b) 
Fig. 2. Variation of S-parameters (S11) (dB) with Frequency (GHz). (a) For substrate
gap = 1 mm and 3 mm. (b) For patch gap = 1 mm and 3 mm.
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electric properties of the antenna as the surface waves produced
on the dielectric extract a part of the total radiated power available
for direct radiation. First layer of the proposed antenna array has
three elements with coaxial feeding at one of the patch elements.
The other patch elements act as parasitic patches. A same patch ele-
ment layer is stacked over the first layer. The parasitic patches and
the stacked geometry have a great effect on the impedance band-
width.When one of the patch elements is fed coaxiallywith remain-
ing patches as parasitic patches, a coupling effect is introduced in
between the patch elements. Due to coupling in between the impe-
dance bandwidth increases. As there exists electromagnetic cou-
pling between the fed patch and the parasitic patch, the radiation
from the proposed antenna is contributed by the coupling between
them. And with the stacked geometry, the impedance bandwidth
further increases. The radiationproperties suchas antennagain, side
lobe level and back radiation are also improved to a good extent.
A stacked antenna array structure with two different substrates
has been proposed in this communication. The first layer of the
antenna structure contains three circular patch elements. The sub-
strate used is FR4 substrate with dielectric constant e = 4.3 and
thermal conductivity 0.3 [W/K/m]. The central patch is excited
using a coaxial feed at a distance of 4 mm from the center of the
central patch element. The other two patches acts as parasitic
patches coupled to the central excited patch. A same layer with
equal number of circular patch elements is stacked with the first
layer. But the substrate used in the upper second stacked layer is
Mica with dielectric constant e = 6.0 and thermal conductivity
0.75 [W/K/m]. An air gap of 2 mm is introduced in between the
two layers. The radius of the each circular patch is r = 15 mm.
The dimension of the substrate used is (98 mm  34 mm). Each
of the circular patch elements are separated by a gap of
s = 2 mm. The thickness of the substrates used is h = 1.59 mm.
The antenna structure is fed with a coaxial probe in order to
achieve a characteristic impedance of 50 ohms.
The prototype of the proposed antenna viz. stacked gap coupled
antenna array structure is shown in Fig. 1. Fig. 1(a) shows the geo-
metrical layout, Fig. 1(b) shows the top view of the antenna struc-
ture and Fig. 1(c) shows the side view of the proposed structure.
The equivalent circuit of the proposed antenna structure is shown
in Fig. 1(d). A numerical analysis can also be performed using this
circuit diagram of the antenna structure.
Consider a circular disk antenna with a radius r1 and thickness
h, excited by a line current I0ðz0Þ on the feed pin. The feed pin has
diameter df and is located at ðr0;u0Þ and the current density on the
pin is given as J
!
ðrÞ. The input impedance of the antenna seen by a
coaxial probe is given by [12]
Zin ¼  1
I20
Z
S0
E
!
 J
!
dS ð1Þ
where the surface integral is over the feed pin surface So.
This expression for Zin has been derived and is given as
Zin ¼  1
I20
X
n
X
p
ðjxþ AÞp2n
ðjx CÞðjxþ AÞ þx2np
ð2Þ
where xnp corresponds to the resonance of Eigen-mode corre-
sponding to TMnp mode. The parameters A and C are given as
A ¼ Zs
Z
se
jH2i jdS ð3Þ
C ¼ YW
Z
sm
jE2i jdS ð4Þ
where se corresponds to top & bottom surfaces and sm corresponds
to side walls. Zs and YW are the surface impedance of the conductorand wall admittance on the side walls respectively. In Eq. (2), pn is
given as
pn ¼
Z
S0
Ei  JdS
Since the current in the feed pin and fields in the patch radiator
are uniform along z-axis, the above expression reduces to the form
pn ¼
I0h
2p
Z 2p
0
Ei  db
The expressions for electric field and magnetic field are given as
Ez ¼ jxnplC1nFð1Þn ðknp  rÞ cosðn/Þ ð5Þ
Hr ¼  nr
 
C1nF
ð1Þ
n ðknp  rÞ sinðn/Þ ð6Þ
and
H/ ¼ knpC1nFð1Þn ðknp  rÞ cosðn/Þ ð7Þ
where Cð1Þn is a constant.
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and
Fð1Þ
0
n ðknprÞ ¼ J0nðknp  rÞ
Further, for stacked geometry.
The expression for effective dielectric constant is given as:
ere ¼ erð1þ h=dÞð1þ erh=dÞ ð9Þ
where h is the air-gap and d is the superstrate height.
The resonant frequency is obtained from the relation
f np ¼
vnp  300
2pbeff
ﬃﬃﬃﬃﬃﬃeefp ð10Þ
f is the resonant frequency .where
eef ¼ 4ereer;dynð ﬃﬃﬃﬃﬃerep þ ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃer;dynp Þ2 ð11Þ(a) 
(b) 
Fig. 3. Measurements at patch and substrate gap = 2 mm. (a) Variation of S-
parameters with frequency (GHz). (b) Variation of Input Impedance with Frequency
(GHz).
Fig. 6. Maximum (simulated and calculated) efficiency over the operating
frequency.
Fig. 5. Maximum gain over the operating frequency.
Fig. 4. Directivity patterns (simulated and measured). Directivity (theta/degree vs.
dBi) at frequency, F = 5.4 GHz and F = 7.7 GHz.
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er;dyn ¼ Cdynðe ¼ e0ereÞCdynðe ¼ e0Þ ð12Þ
where Cdyn is the dynamic capacitance defined as
Cdyn ¼ C0;dyn þ Ce;dyn ðmain and fringing capacitancesÞ ð13Þ
Once the effective dielectric constant is obtained for the upper
patch, the effective dimension beff is obtained. Next, the input
impedance for the probe free upper patch is obtained using equa-
tion below with suitable changes in the various parameters.
Zin ¼ 12PT
jV j2 þ j 4xjV j2 We  j 4xjV j2 Wh
ð14Þ
where
V ¼ dEav
and
Eav ¼ 12d
Z 2p
0
E2z ðr1;/Þd/
Thus each cavity is studied separately as though they are
uncoupled. The coupling is done through adding the individual
impedances. Though the resonance of the cavities is studied in         (a)                                
   (c)                                       
Fig. 7. Normalized radiation patterns (simulated and measured co-polar component). (a
polar – 5.4 GHz), (d) XZ-plane (co-polar – 7.7 GHz).capacitive mode, the radiated fields are strongly coupled. Therefore
in the formulation mentioned above, Pr remains a single expression
taking into account both the uncoupled fields.3. Simulation and experimental results
The impedance bandwidths for the proposed antenna structure
are measured at two different frequencies in C-band. The simula-
tions are performed by using simulation software HFSS (High Fre-
quency Structural Simulator) and for experimental verifications R
& S vector network analyzer is used. The simulated and experimen-
tal results are in good agreement with each other. The radiation
pattern of the proposed gap coupled antenna array structure is also
shown and discussed in the following section. The antenna design
is comprehensively studied using gap variations between the sub-
strates and between the patches. The measurements are also per-
formed for the gap at which antenna shows best results in terms
of bandwidth, impedance matching and radiation characteristics.
For further verifications, in some graphs where measurements
are difficult, the results have been compared using numerical
calculations.
Fig. 2 shows return loss variations with frequency. In Fig. 2(a),
the substrate gap is varied from 1 mm to 3 mm keeping the patch
gap at 2 mm. It can be clearly seen from the graph that the reso-
nant frequency shifts to higher mode when the gap is increased.
A return loss of 26 dB and 47 dB is obtained at the first resonant                    (b) 
                       (d) 
) YZ-plane (co-polar – 5.4 GHz), (b) YZ-plane (co-polar – 7.7 GHz), (c) XZ-plane (co-
1806 A. Kandwal et al. / Engineering Science and Technology, an International Journal 19 (2016) 1801–1807frequency. At second resonant frequency, the return loss is about
14 dB and 23 dB. Fig. 2(b) shows the variation by keeping substrate
gap at 2 mm and patch gap at 1 mm and 3 mm. A good return loss
of 22 dB and 31 dB is obtained at two resonant frequencies. Due to
the effect of coupling, the impedance bandwidth decreases when
the gap between the patches is increased as the coupling reduces.
It is clearly visible in the graph shown.
Fig. 3 shows return loss (dB) variation with frequency (GHz)
when the gap between patches and the substrate gap is 2 mm.
The designed antenna resonates in C-band at first resonant mode
resonant frequency at 5.4 GHz and second resonant mode fre-
quency 7.7 GHz. When there is no stacking (as shown in Fig. 3
(a)), the antenna resonates in C-band at resonating frequencies
5.4 GHz and 7.7 GHz. The antenna shows a bandwidth of mere
4.3% at first resonant frequency ranging from 5.35 GHz to
5.59 GHz. At second resonant frequency, the antenna shows a
bandwidth of 4.7% from frequency 7.5 GHz to 7.86 GHz.
For stacked antenna design (as shown in Fig. 3(a)) at first reso-
nant frequency, the simulated impedance bandwidth is about 8%.
The bandwidth frequency ranges from 5.2 GHz to 5.7 GHz. The
measured impedance bandwidth is about 7.7% with frequency
ranging from 5.23 GHz to 5.68 GHz. At first resonating frequency,
the return loss obtained is 32 dB. At second resonant frequency,
the simulated impedance bandwidth is about 6.4%. The bandwidth
frequency ranges from 7.4 GHz to 7.87 GHz. The experimentally
measured impedance bandwidth is about 7.1% with frequency
ranging from 7.35 GHz to 7.88 GHz. At second resonating         (a)                           
(c)                                          
Fig. 8. Normalized radiation patterns (simulated and measured cross-polar component)
plane (cross-polar – 5.4 GHz), (d) XZ-plane (cross-polar – 7.7 GHz).frequency, the return loss obtained is 24 dB. The measured input
impedance (as shown in Fig. 3(b)) graph shows a good impedance
matching at the resonating frequencies.
From the above results, it is clear that both the simulated and
experimental results are in good agreement with each other. A
wideband is obtained at the first resonant frequency. A reasonable
impedance bandwidth is obtained at the second resonant fre-
quency. The reason for enhanced impedance bandwidth is already
discussed in the theory section of this paper. Thus, stacking
increases the impedance bandwidth of the proposed antenna
design.
The directivity pattern for the proposed antenna design at first
resonant frequency is shown in Fig. 4 and comparisons have been
shown using two different simulation software’s. The Cartesian
plot is shown for Directivity Abs (Phi = 90) between Theta/Degree
vs. dBi. At first resonant frequency, the antenna gain obtained is
about 9.5 dBi in the main lobe direction 46.0 degree. Within 3 dB
angular width in the direction 40.1 degree, the side lobe level
obtained is about 12.2 dB. A reasonable gain is obtained with a
significant reduction in the side lobe level at this resonant
frequency.
The directivity pattern for the proposed antenna design at sec-
ond resonant frequency is also shown in Fig. 4. The Cartesian plot is
shown for Directivity Abs (Phi = 0) between Theta/Degree vs. dBi.
At this second resonant frequency, in the main lobe direction
38.0 degree, the antenna gain obtained is about 3.1 dBi. Within
3 dB angular width in the direction 114.9 degree, the side lobe                        (b) 
                          (d) 
. (a) YZ-plane (cross-polar – 5.4 GHz), (b) YZ-plane (cross-polar – 7.7 GHz), (c) XZ-
Table 1
Parameter results for proposed antenna.
Parameter Simulated Measured (approx.)
Max. bandwidth 8% 67.8%
Max. antenna gain 9.5 dB 69.3 dB
Min. side lobe level 24 dB 622 dB
Cross polarization <28 dB <28
Max. efficiency 97% –
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with a very good reduction in the side lobe level at this resonant
frequency. As we know, for better antenna radiation, the side lobe
level should be as low as possible with a good amount of antenna
gain. Here in the proposed structure, we obtained very good radi-
ation properties which are very good for wireless applications. By
further increasing the number of antenna array elements, one
can obtain better results. The stacking layers can also be increased
in order to obtain varying results.
Fig. 5 shows the simulated and measured values of the maxi-
mum gain obtained over the entire operating frequency range.
The measured results have just been shown at the desired frequen-
cies using few data points. Fig. 6 shows the efficiency curve which
shows that a maximum efficiency of 97% has been obtained. For
comparison purpose, simple numerical equation (ration of gain
and directivity) has been used to get the calculated efficiency at
desired frequencies.
The simulated and measured normalized radiation patterns
have been shown in Fig. 7 for both frequencies of resonance.
Fig. 7 shows the co-polar normalized polar plots in XZ-plane and
YZ-plane. Fig. 8 shows the cross-polar components in XZ-plane
and YZ-plane respectively. From Fig. 8(a) and (b) shows that the
cross-polarization levels have been reduced to about 28 dB and
7 dB in YZ-plane. Fig. 8(c) and (d) shows the cross-polar compo-
nents are even less than 40 dB in XZ-plane, so can be neglected.
All the simulated and measured results are in good agreement with
each other. The measurements are done at 10 deg., 20 deg.,
30 deg.. . . 360 deg. In order to show more smooth graphs some
bad points have removed while plotting which come may be due
to connections, stacking, etc. In the measured graphs, extra points
from have been taken from another software and using curve fit-
ting to show continuity in the results like simulated results. All
the parameters and results have been presented in the Table 1
below which the maximum values obtained for simulations, calcu-
lations and measurements.
Therefore it can be concluded that, the proposed gap coupled
antenna array structure with stacked geometry using different
dielectric constant substrates gives very good results. The gap cou-
pling effect between the circular patch array elements, the effect of
stacking and the effect of different dielectric constant substrates is
thus studied in this paper both theoretically and experimentally.4. Conclusion
A simple and efficient design of gap coupled antenna array with
stacked geometry using different dielectric substrates is therefore
proposed in the present communication. The effect of parasitic
patches and the effect of stacking are also studied in this paper.
The antenna radiation pattern is showing an antenna gain of about
9.5 dBi with a reduced side lobe level to a good extent of about
12.2 dB and 24.1 dB. The antenna has provided a very good
reduction in the cross-polarization and has high efficiency at both
the resonances. The proposed antenna structure is applicable for
various wireless communication systems such as mobile commu-
nications, and other systems at C-band frequencies.References
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